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osting by EAbstract Objective: To evaluate the shear bond strength of one-step self-etch adhesives with dif-
ferent co-solvent ingredients to dry or moist dentin.
Materials and methods: A total of 60 extracted teeth were used in this study, and were divided
according to the adhesive systems and dentin conditions into 6 groups of 10 teeth each [Xeno III
– dry dentin, Xeno III – moist dentin, Adper Prompot L-Pop – dry dentin, Adper Prompot L-
Pop – moist dentin, iBond – dry dentin, and iBond – moist dentin]. Resin composite cylinder
was built up on each specimen, and then thermocycled. A shear load was applied to the specimens
using universal testing (Instron machine) at a cross-head speed of 0.5 mm/min until failure
occurred. Data were statistically analyzed by one-way ANOVA and Bonferroni multiple compari-
son test at 95% conﬁdence level.
Results and conclusion: Based on the ﬁndings of this study: The highest mean shear bond strength
to dry dentin was seen when Xeno III containing ethanol co-solvent ingredient was used. The high-
est mean shear bond strength to moist dentin was seen when iBond which contains acetone co-sol-
vent ingredient was used. In the absence of a co-solvent ingredient in self-etch adhesive (Adper
Prompot L-Pop), the mean shear bond strengths to dry and moist dentin were low with no signif-
icant difference between them.
ª 2010 King Saud University. All rights reserved.3486898.
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lsevier1. Introduction
Bonding of restorative materials to the hard tooth tissues can
be obtained using one of the three different strategies: total-
etching (etch and rinse), self-etching, or the bond strategy of
glass ionomer cement (Van Beerbeek et al., 2003).
Bonding to enamel is quite predictable and can be achieved
using the acid-etching technique, while bonding to dentin is
more difﬁcult due to high organic composition, continuous
moist condition, permeability properties and presence of smear
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172 M.Q. Al Qahtani, S.E. Al Shethrilayer after cavity preparation (Buonocore, 1955; Lopes et al.,
2002).
Dentin bonding can be achieved by total acid-etching tech-
nique to remove smear layer, demineralize the superﬁcial den-
tin tissue and expose collagen network, and then inﬁltration of
resin adhesive monomers into the acid-etched dentin to create
hybrid zone which is important in micromechanical interaction
to dentin (Nakabayashi et al., 1982; Kanca, 1992; De Munck
et al., 2005).
The drawbacks of total-etch technique in etch–rinse adhe-
sive systems are the risk of over-etching dentin, over-drying
and over-wetting dentin after rinsing procedure, and also the
involvement of multiple steps in the technique. This leads to
the development of two-steps than one-step self-etch adhesive
systems to overcome these drawbacks (De Munck et al., 2005;
Vanbeerbeek et al., 2001).
In new single-step self-etchant adhesives, the acidic resin
monomers are mixed with other additives, co-solvents (ethanol
or acetone), and water to be applied directly on enamel and
dentin without priming and rinsing (Moszner et al., 2005; Rosa
and Perdigao, 2000). Water is required to enable dissociation
of the acidic monomers, while solvents such as ethanol or ace-
tone are added to accelerate water elimination (Moszner et al.,
2005).
In this study different dentin conditions (dry or moist den-
tin) were used prior to applying single-step self-etch adhesives
with different co-solvent ingredients. This is done to check the
bond strength performance of these adhesives to dry or moist
dentin, which may have important effects on the clinical
application.
The purpose of this in vitro study was to evaluate the shear
bond strength of one-step self-etch adhesives with different co-
solvent ingredients to dry or moist dentin.
2. Materials and methods
Sixty recently extracted, non-caries human molar teeth, which
had been stored for less than 4 weeks in jars containing 10%
buffered formalin, were selected, cleaned and stored in distilled
water at 3–4 C until use.
2.1. Specimen preparation
The occlusal surfaces of the teeth were ground at slow speed
with a 180-grit silicon carbide paper mounted on a water-
cooled wheel to create a ﬂat dentin surface. They were exam-
ined under a stereomicroscope to make sure that no enamel
was left on the bonding area. The teeth were mounted with
autopolymerizing acrylic resin in a cylindrical plastic pipe
mold. The dentin was then ﬁnished and polished with wet
240, 320, 400, and 600-grit silicon carbide papers, which were
used in order. The specimens were placed in distilled water un-
til ready for use.
2.2. Restorative procedures
The specimens were randomly divided into 6 groups
according to adhesive systems and dentin conditions. Three
one-step self-etch adhesive systems used in this study, with
their manufacturers, co-solvents and compositions, are
listed in Table 1. Each group contained 10 teeth as
follows:
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Group 2: Xeno III applied on moist dentin.
Group 3: Adeper Prompt L-Pop applied on dry dentin.
Group 4: Adeper Prompt L-Pop applied on moist dentin.
Group 5: iBond applied on dry dentin.
Group 6: iBond applied on moist dentin.
The dentin substrate in Groups 1, 3 and 5 was rinsed under
running water without the etching procedure for 15 s then air-
dried for 20 s using oil-free compressed air prior to the appli-
cation of self-etch adhesives [Group 1 – Xeno III, Group 3 –
Adper Prompt L-Pop, and Group 5 – iBond] according to their
application procedures as in (Table 1). The dentin substrate in
Groups 2, 4, and 6 was rinsed under running water without the
etching procedure for 15 s then kept moist using a blot
technique with gauze to absorb the excess water prior to the
application of self-etch adhesives [Group 2 – Xeno III, GroupTable 2 Statistical analysis summary.
Material Mean shear bond strength ± SD in
MPa
Dentin condition Value
Xeno III Dry 16.87 ± 4.14
Moist 11.07 ± 2.44
Adper Prompt L-Pop Dry 12.65 ± 2.19
Moist 10.73 ± 2.31
iBond Dry 10.92 ± 2.01
Moist 16.05 ± 3.4
The mean difference is signiﬁcant at p 6 0.05.
Figure 1 Shear bond strengths of three different se4 – Adper Prompt L-Pop, and Group 6 – iBond] according to
their application procedures as in (Table 1). Light-activated
polymerization was accomplished with an Elipar Highlight
at 400 mW/cm2-veriﬁed with a Model 100 Curing Radiometer.
After adhesive procedures, a 2-mm long vinyl tube with an
internal diameter 4 mm was placed onto the dentin substrate.
The resin composite was applied to the vinyl tube and con-
densed against the bonding agent to form a resin composite
cylinder (2 mm high and 4 mm in diameter) using Filtek
Z250-shade A2 (3M ESPE). Light-activated polymerization
was accomplished for 40 s using an Elipar Highlight at
400 mW/cm2-veriﬁed with a Model 100 Curing Radiometer.
2.3. Testing procedure
The specimens were stored in distilled water at 37 C for 24 h;
they were thermocycled between 5 C and 55 C water bathsOne-way ANOVA Bonferroni – t test
p-Value Group Group p-Value
0.001 Xeno III
Dry
Adper
Dry
0.01
Xeno III
Moist
Adper
Moist
1.000
0.073 Adper
Dry
iBond
Dry
0.599
Adper
Moist
iBond
Moist
0.001
0.001 iBond
Dry
Xeno III
Dry
0.0001
iBond
Moist
Xeno III
Moist
0.001
lf-etch adhesives on different dentin conditions.
174 M.Q. Al Qahtani, S.E. Al Shethrifor 2500 cycles with a 30-s dwell time, and a 10-s transfer time.
Then, the specimens were returned to storage for one-week.
Each specimen was mounted on a universal testing (Instron
Model 8500 Plus Dynamic Testing System-1341 Instron – In-
stron Corporation) machine for testing with the long axis of
the specimen being perpendicular to the direction of the ap-
plied force. The circular knife-edge was located at the interface
between the composite post and the dentin surface. Bond
strength was measured in the shear mode at a cross-head speed
of 0.5 mm/min until failure occurred.
2.4. Statistical analysis
All statistical analyses were carried out using SPSS statistical
software (V. 16, SPSS, Chicago, IL, USA). Data were submit-
ted to a one-way ANOVA and Bonferroni multiple compari-
son test at 95% conﬁdence level.
3. Results
The mean shear bond strengths of three different one-step self-
etch adhesives [Xeno III, Adper Prompt L-Pop, and iBond] to
different dentin conditions [dry and moist] are presented in
Table 2 and Fig. 1.
The results of one-way ANOVA test (Table 2) showed that
the mean shear bond strength of Xeno III to dry dentin
(16.87 ± 4.14 MPa) was signiﬁcantly higher than that of moist
dentin (11.07 ± 2.44 MPa) at (p-value = 0.001). The mean
shear bond strength of Adper Prompt L-Pop to dry dentin
(12.65 ± 2.19 MPa) was higher than that of moist dentin
(10.73 ± 2.31 MPa) but without signiﬁcant difference at (p-va-
lue = 0.073). The mean shear bond strength of iBond to dry
dentin (10.92 ± 2.01 MPa) was signiﬁcantly lower than that
of moist dentin (16.05 ± 3.4 MPa) at (p-value = 0.001).
The result of the Bonferroni multiple comparison test at
95% conﬁdence level (Table 2) showed that the mean shear
bond strength of Xeno III to dry dentin was signiﬁcantly high-
er than that of Adeper Prompot L-Pop and iBond to dry den-
tin at p-values equal to 0.01 and 0.0001, respectively. The mean
shear bond strength of iBond to moist dentin was signiﬁcantly
higher than that of Adeper Prompot L-Pop and Xeno III to
moist dentin at (p-value = 0.001). There were no signiﬁcant
differences between iBond and Adper Prompt L-Pop to dry
dentin (p-value = 0.599), and between Xeno III and Adper
Prompt L-Pop to moist dentin (p-value = 1.000).
4. Discussion
Most manufacturers suggest that the bonding site prior to the
application of self-etch adhesive systems should be ‘‘dry’’,
‘‘gently-dry,’’ ‘‘moist,’’ ‘‘with slightly shiny appearance,’’ ‘‘left
slightly but visibly moist with a shiny surface,’’ or ‘‘not desic-
cated’’. The instructions of the manufacturers of the bonding
systems used in this study were the same for all 3 systems,
which were ‘‘lightly dry to moist surface’’. These instructions
are not quantitative but are open to individual interpretation
of the appearance or the status of the surface.
For Xeno III self-etch adhesive there was a signiﬁcant dif-
ference between the mean shear bond strength to dry dentin
(16.87 ± 4.14 MPa) and that of moist dentin (11.07 ± 2.44
MPa). This reduction in bond strength to moist dentincompared to that of the dry one may be due to the presence
of excessive water in bonding site, which came from water in
moist dentin and water component in the adhesive itself. This
may assist in the reduction of the effectiveness of ethanol co-
solvent in accelerating water elimination and also may com-
promise the diffusion of adhesive into the dentin substrate
(Nunes et al., 2006; Baumhardt-Neto et al., 2008). The high
bond strength value obtained to dry dentin contradicts with
the manufacturer’s instructions, which recommend the use of
slightly moist dentin.
For Adper Prompt L-Pop self-etch adhesive there was no
signiﬁcant difference between the mean shear bond strength
to dry dentin (12.65 ± 2.19 MPa) and that of moist dentin
(10.73 ± 2.31 MPa). These low values of shear bond strengths
may be due to the absence of co-solvents (ethanol or acetone)
in this brand of adhesive, which adversely affects the adhesive
performance and makes it difﬁcult to eliminate excess water in
moist dentin and water ingredient in adhesive itself or water
component of adhesive when applied on dry dentin (Moszner
et al., 2005; Furuse et al., 2008). This is shown by having a
higher shear bond strength with dry dentin compared to moist
dentin, despite that it was not statistically signiﬁcant.
For iBond self-etch adhesive there was a signiﬁcant differ-
ence between the mean shear bond strength to dry dentin
(10.92 ± 2.01 MPa) and that of moist dentin (16.05 ±
3.4 MPa). The high bond strength to moist dentin may be
due to the presence of acetone co-solvent which aids in the
elimination of excessive water in moist dentin, without com-
promising the polymerization (Dickens and Cho, 2005). On
the other hand, excessive air-drying of dentin may evaporate
the water from the dentin substrate leading to reduced diffu-
sion of adhesive into dentin and minimizing the dissociation
of acidic monomers. This results in decreased bond strength
to dry dentin (Moszner et al., 2005).
The difﬁculty in achieving the balance between the moist
and the dry dentin makes the dentin bonding technique extre-
mely sensitive. The clinician should have a clear and thorough
understanding of the chemical composition and adhesive
mechanism of various self-etch adhesive systems.
Xeno III with ethanol co-solvent ingredient showed the
most effective bonding when applied on dry dentin; while,
iBond with acetone co-solvent ingredient presented the most
effective bonding when applied on moist dentin. In the absence
of co-solvent ingredients in Adper Prompot L-Pop self-etch
adhesive, the bond effectiveness was low on both types of den-
tin with no signiﬁcant difference between them.
5. Conclusion
Based on the ﬁndings of this study, it can be concluded that
The highest mean shear bond strength to dry dentin was
seen when the Xeno III containing ethanol co-solvent ingre-
dient was used.
The highest mean shear bond strength to moist dentin was
seen when the iBond containing acetone co-solvent ingredi-
ent was used.
In the absence of a co-solvent ingredient in self-etch adhe-
sive (Adper Prompot L-Pop), the mean shear bond
strengths to dry and moist dentin were low with no signif-
icant difference between them.
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